ABSTRACT.--We investigated habitat selection by the Townsend's Warbler (Dendroica townsendi), a Neotropical-Nearctic migrant that breeds primarily in mature coniferous forests. From 1993 to 1994, we compared the features of habitat selected for nest sites and foraging sites with those selected for territories in mature, mixed coniferous-deciduous forests in south-central Alaska. We also tested the prediction that large conifers are selected for nesting and foraging sites. Females placed nests in relatively large white spruce (Picea glauca) and consistently chose nest trees that were within areas of higher densities of large white spruce than were generally available. Nesting areas also had a higher density of small white spruce than was generally available, which may have been important in concealing nests from predators. Vegetation features selected for foraging differed from those selected for nesting and varied seasonally. Foraging was concentrated in medium-sized white spruce during the prehatching stage and became more generalized across coniferous and deciduous vegetation during the posthatching stage. Adults foraged in large white spruce in direct proportion to their availability on the study areas. Territories, which encompassed both nesting and foraging areas, were heterogeneous in vegetation structure and floristics. Areas selected for territories clearly reflected availability of the large white spruce selected for nest sites but did not reflect selection of medium white spruce for foraging. Characteristics of habitats varied with specific resource needs, but the distribution of Townsend's Warblers was most strongly related to specific habitat requirements for nest sites. 
, we then tested the hypotheses that large coniferous trees were used selectively for nesting and foraging. Finally, we compared features of habitats selected for nest sites and foraging sites with those selected for territories to determine the relative importance of these two resources in the selection of breeding territories.
STUDY AREA AND METHODS
We selected two study areas in the Campbell Creek drainage (61ø08'N, 149ø43'W) near Anchorage, south-central Alaska. The areas were about 2 km apart and were within a large expanse of boreal forest along the lower slopes of the Chugach Mountains. The study areas contained mature, mixed coniferous-deciduous forests in which Townsend's Warblers had access to both deciduous and coniferous trees.
We chose study areas that differed in coniferous cover and total cover of the tree canopy to examine selection under a range of different microhabitats.
The first study area was 140 to 220 m in elevation and consisted of 26 ha of closed-canopy mixed-forest habitat (Viereck et al. 1992 Delineation of breeding territories.--Between 10 May and 2 June 1994, we searched the study areas on alternate days to locate newly arrived male Townsend's Warblers, which we captured in mist nets with the aid of song playbacks. In each study area, female and additional male Townsend's Warblers were captured in an array of 15 mist nets in a centrally located 10-ha area. Each warbler was measured, examined for breeding condition, and fitted with an aluminum U.S. Fish and Wildlife Service leg band and a unique combination of three colored leg bands.
We used spot-mapping (International Bird Census Committee 1970, Bibby et al. 1992) to delineate territories in 1994. We censused both study areas seven times between 1 May and 7 July. Censusing began at sunrise and lasted approximately 3 to 4 h. During each census, we mapped the movements and behavior (singing, foraging, mate-guarding, fighting, preening, roosting) of each male for as long as it remained in sight or until it had been in the same area for approximately 2 min. We also mapped locations of all territorial disputes and countersinging males. We supplemented spot-map censuses with observations of marked males that we mapped while searching for and monitoring nests. At the end of the nesting season, we compiled all observations of males on a single acetate overlay for each study area. We iden-titled territories by delineating areas in which males were observed during three or more spot-mapping visits (Marchant 1983, Bibby et al. 1992). We used resightings of marked individuals to help distinguish adjacent territories in which observations of the males were tightly clustered.
Nest locations and foraging observations.--During 1993 and 1994, we searched both study areas every two to five days between 10 May (when females first arrived) and 11 July (when active nests were no longer observed). Nest searches began 15 min before sunrise and continued until we had searched a route passing within 50 m of all points within the study area.
We recorded the foraging behavior of males and females during the pre-and posthatching stages of the nesting cycle in 1994. The prehatching period included observations during nest building, egg laying, and incubation from 2 to 10 June. During the posthatching period from 19 to 28 June, we restricted observations to individuals carrying food for nestlings or newly fledged young. We recorded observations of foraging birds throughout the day to minimize sampling bias due to diurnal variation in for- Observations of foraging bouts ranged from I to 5 rain, during which we recorded the vegetative stratum used for foraging at 10-s intervals. We classified foraging strata by plant species (alder, paper birch, white spruce, other) and stem diameter at breast height (dbh) class (1 to 2 cm, 3 to 7 cm, 8 to 14 cm, 15 to 22 cm, 23 to 37 cm, 38 to 53 cm, and >53 cm).
Vegetation sampling.--We sampled habitat characteristics of study areas, territories, and nest sites between mid-July and mid-August using a modified version of the circular-plot method (0.04 ha) described by James and Shugart (1970). Within each circular plot, we measured 24 structural and floristic characteristics, including slope, percent canopy cover, density of shrub stems, and 21 classes of tree stems. Tree stems were counted by species and dbh class as for foraging observations (but without the class 1 to 2 cm).
We sampled characteristics of available habitat in 1994 following a two-stage, stratified random sampling procedure (Scheaffer et al. 1990 ). In the first stage, we measured canopy cover of conifers between 29 April and 19 May, before deciduous foliage had emerged, at each of 118 evenly spaced grid points in the closed forest and 165 grid points in the open forest. For each point we calculated the average of four spherical-densiometer measurements (Lemmon 1957) of coniferous canopy cover sampled in the cardinal compass directions. We then classified each grid point into one of three strata of coniferous cover (0 to 9%, 10 to 29%, or •30%) and estimated the proportion of each stratum for both study areas. In the second stage, we selected a stratified random sample of 42 grid points from each study area, with the number of points allocated to each stratum proportionately to its size. Intensive sampling of the circular plots was conducted at each of the stratified random sampling points as described above.
In 1994 Statistical analyses.--We examined data on habitat using descriptive statistics and Spearman rank correlations. Several size classes of trees occurred infrequently on the sampling plots, so we collapsed adjacent categories into larger classes. In other instances, the numbers of tree species in adjacent size classes were highly correlated (r -• 0.545), so we collapsed the classes to eliminate redundant variables. Because tree species other than white spruce, paper birch, and alder were rare and relatively invariant in occurrence, we eliminated their densities from further analysis. We retained 10 of 24 habitat variables for final analyses of selection of territories and nest sites and 7 of 24 habitat classes for analysis of selection of foraging sites (Table 1) . We performed all statistical analyses using SAS (SAS Institute, Inc. In the first step of the resampling procedure, we randomly selected one of the two habitat samples collected from each territory. We then used stepwise logistic regression to identify the combination of habitat variables that best separated the set of randomly selected territory samples from the stratified random samples of available habitat. An indicator variable for study site was added to the list of potential variables for inclusion in the stepwise models to We also used stepwise logistic regression to identify combinations of habitat characteristics that best distinguished nest sites from random samples of available habitat. We used one-tailed, paired-sample t-tests to determine if trees used for nesting had greater dbh or crown width than adjacent trees not used for nesting.
For each foraging bout, we calculated the proportion of observations occurring in each tree species by diameter class. Because not all bouts were of equal length, we weighted proportions by:
where ni = the total number of 10-s intervals in the i • bout and Nmax = 30, the maximum number of 10-s intervals recorded in a bout. We transformed the weighted proportions to ranks and used a full-factorial MANOVA on the ranked proportions to test for differences in the use of foraging strata by sex, breeding stage, and study area. A Bonferroni multiple-comparisons test was performed to identify specific differences in mean foraging strata use.
To determine the availability of foraging strata, we estimated the proportion of vegetative basal area (m 2) in each stratified random sample occupied by each foraging stratum. We then compared the mean Using the mean coefficients from the most commonly recurring model (Table 3) , the predicted probability of an area being selected for a territory was: The relative importance of slope, large spruce, and alder in distinguishing areas used by territorial males from those available was confirmed by the high frequencies with which these variables were selected during the 100 resampling interations. Slope was included in 99%, large spruce in 96%, and alder in 73% of the models generated (Table 4 Thirty-two of 33 nests (97%) were in white spruce; one nest in the closed forest was located in a paper birch. White spruce used for nesting were larger in diameter (oe = 30.15 + 14.8 cm) than adjacent white spruce not used for nesting (Fig. 1) . During the posthatching period, foraging declined significantly in medium spruce and increased in alder and medium birch (Fig. 1) riods. Males and females foraged significantly more in medium spruce than expected throughout the nesting season, despite a decline in use during the posthatching period (Fig. 2) . Warblers foraged in large spruce in proportion to availability during both periods of the nesting cycle. Alder, paper birch, and small spruce were used less frequently than expected or in proportion to availability during both periods. Other components of the vegetation were selected or avoided for nest sites or foraging sites but not for territories. This lack of concordance was most evident in the use of medium-sized white spruce for foraging even though they were not abundant within territories ( 
